The effect of an abiotic stress caused by cadmium on the total flavonoid content in roots, shoots and leaf blades of spring barley variety Kompakt grown in a climate-control room for 28 days was investigated. Total flavonoid content (F) was determined spectrophotometrically with sodium nitrite, Cd content by atomic absorption spectrometry. Treatment of barley plants with Cd (1.10 -6 mol/l) in nutrition solution caused the decrease of F in the all parts of the plant. The relatively highest decrease was found in the roots (from 20.0 to 3.05 g/kg dry ma�er), lesser decrease in the shoots (from 24.2 to 9.33 g/kg dry ma�er) and the leaf blades (from 58.3 to 27.3 g/kg dry ma�er). Statistically significant decrease (at least P < 0.05) of F and increase of Cd contents in all the investigated parts of the plant was found. Statistically significant differences of F and Cd contents among barley roots, shoots, and leaf blades were found.
Polyphenols in barley
The outer layer coats of plant seeds contain different polyphenolic compounds, e.g. flavonoids, phenolic acids, coumarins and anthocyanins. Their content and composition is strongly influenced by different factors (Weidner and Paprocka 1996) . O-and C-glycosides of flavones are characteristic for cereals, especially those derived from apigenin and luteolin (Lachman et al. 1998) . Glycosides of quercetin were also described in rye and triticale. Markham and Mitchell (2003) found saponarin, lutonarin and 2´´-O-glucosylvitexin as the major flavonoids in young green barley leaf blades. Polyphenols are involved in the defence mechanism of plants and their levels are enhanced as a response to biotic and abiotic stresses (Weidner and Paprocka 1996, Dudjak et al. 2004) .
The average contents of total polyphenols (TP) and especially those of catechol, resorcinol and phloroglucinol type compounds (CRP) in barley caryopses differ from other cereals, e.g. triticale. TP and CRP contents in barley caryopses varied from 857 to 1690 and from 95 to 448 mg/kg dry matter, respectively, while corresponding values in triticale were 607-4400 mg/kg dry matter and 5.7-10.5 mg/kg dry matter, respectively (Lachman et al. 1998) . It shows considerable antioxidant activity of barley grains (Lee et al. 2003 , Wu et al. 2003 . TP content in barley caryopses depends significantly on the variety and is influenced by the site, specific weather features of a year and the conditions of ageing. Wu et al. (2003) investigated the effects of four Cd levels on lipid peroxidation and activities of antioxidant enzymes in barley plants during ontogenesis. This investigation showed that Cd-stress induced a concentration-and gene type-dependent oxidative stress response in barley leaf blades, characterised by an accumulation of malondialdehyde and the alteration pa�ern of antioxidative enzymes, regarding the genotypic difference in Cd tolerance. It has already been reported that the antioxidant mechanism of flavonoids may also come from the interaction between transition-metal ions and flavonoids to produce complexes that keep the metal ions from their participation in free-radical generation (Miller et al. 1996) . At the same time, as natural metal chelators, flavonoids show a significant function on the bio-utilization of metal and antimetal-toxicosis (Chen et al. 1990) . They form complexes with metals (Viswanathan et al. 2000) , as was shown for rutin and transitions metals complexes (Bai et al. 2004) .
The aim of this work was to determine the effects of the abiotic stress caused by cadmium on the flavonoid levels in young barley plants.
Effect of cadmium on flavonoid content in young barley (Hordeum sativum L.) plants MATERIAL AND METHODS
Cultivation of spring barley. The experiment was carried out under controlled conditions in a climate-controlled room at the Department of Plant Botany and Physiology at the Czech University of Agriculture in Prague. Spring barley variety Kompakt was selected as the experimental material. Caryopses germinated in redistilled water at laboratory temperature (25°C) during 4 days. Then the seedlings were replanted into special boxes with nutrients medium. Two variants of the cultivation experiment were carried out. The control variant without added cadmium and the experimental variant with the addition of cadmium as CdCl 2 .2 H 2 O into nutrient medium in cadmium concentration 1 × 10 -6 mol/l. Each variant was cultivated in 8 boxes. The number of cultivated plants varied from approx. 100 to 125 according to dimensions of the used boxes. Plants were cultivated in the conditioning plastic boxes for 28 days after their replantation and nutrient medium was exchanged one time per week. Young plants were grown at stable light fluency rate (300 µmol photon/m 2 /s) with day period 16 hours, at a temperature of 22°C and air humidity 60-80%. Nutrient mediums for the both variants differed only in cadmium occurrence. Basic nutrients were supplied in the form of Knop's nutrient solution diluted into half concentration, which is useful for spring barley, and microelements were supplied in the form of Shive's solution diluted into half concentration. After cultivation, the plants were separated into roots, leaf blades and shoots and plant material was subsequently freeze-dried using a Lyovac GT 2 (Leybold-Heraeus, Germany) freeze-drier.
Determination of total flavonoid content. A modified spectrophotometric method of ElKommos and Maksiutina (1979) and Spilková et al. (1996) with sodium nitrite was used. Freezedried and homogenised plant samples (approx. 0.3 g) were extracted in a Soxhlet apparatus with ethanol-water mixture (80:20 v/v) for 20 hours and the extract was quantitatively transferred into a volumetric flask and adjusted to 100 ml. For the determination 5 ml aliquots were pipetted into 25 ml volumetric flasks, 3 ml of H 2 SO 4 (0.2 mol/l), 3 ml of NaNO 2 (3 mol/l), 3 ml of NaOH (10%) were added. Then the volume was adjusted with distilled water to 25 ml. Absorbance values were measured after 15 min using a Heλios γ (Spectronic Unicam, GB) spectrophotometer against the blank (methanol) at λ = 395 nm and expressed as mg of quercetin in 1 kg dry matter of a sample. The relative standard deviation of the method determined from parallel determinations within repeatability scope was 1.96%.
Determination of Cd content by a method of atomic absorption spectrometry (AAS).
Freeze-dried samples (250-300 mg of leaf blades, 150-250 mg of shoots and 50-100 mg of roots) were decomposed according to the standard operational procedure described by Mader et al. (1998) and then analysed by the procedure described by Dudjak et al. (2004) .
Statistical evaluation. The results (mean values from three parallel determinations) were statistically evaluated with Statgraphics program by the analysis of variance with multiple grouping. More detail evaluation was performed by Scheffe test.
RESULTS AND DISCUSSION
The average values were calculated from three parallel determinations. The highest flavonoid content was found in leaves (58.3 g/kg dry matter), the lowest in roots (20.0 g/kg dry matter), thus descending in the order leaves > shoots > roots (Table 1) . In all these plant organs Cd-treatment caused a decrease of flavonoid content ( Figure 1 ). As compared with the control variant, the relatively most considerable decrease could be observed in roots (by 84.7%) > shoots (by 61.4%) > roots (by 53.2%). Incomparably increased cadmium contents were found in treated plants of barley. Mean cad- Table 2 ). The relative increase of cadmium content in the individual parts of the treated plants decreased in order roots > shoots > leaf blades. It is evident that Cdincrease and flavonoid decrease in plant parts are reciprocal. Because flavonoids are efficient metal chelators (Chen et al. 1990 , Miller et al. 1996 , Bai et al. 2004 ), we believe that many flavonoid structures are bound with transition metals in chelate complexes, which structures were recently elucidated on rutin-Cu and Zn complexes (Figure 2) by Bai et al. (2004) and this is a reason of a decrease of free flavonoids in Cd-treated variants. Thus plants use apparently the formation of chelate complexes with flavonoids for the reduction of stress caused by heavy metals. 
